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mm^^ mmm 

m^^v^m^m<D-m^^mizmmm^ti^&m'r^^^iztjt^xi5^). z.(Dmmti^ 

mm^iii-^tit=.s^mm^^m\'^xm^m^(DBmmm-^^miii-t^^mt. 

#^^c-fettLTv^s«##-^, mmmmmi(Dm.\'^miz&mLx\f^^mmm^. ^ 
^x:^mmmmm.<Dm\'^miz.&.mLx\f^:^mmm^(DBm^!^m^m^-ta^mt 
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ft-t J: »j ^mmm(Dm^^mizmmm^i)^&.mt^^ e) ic^o t ^ y , r ©ses*^ 

mmmm^tit^wi^m^^m^'^xmmm^cD^mmj^i^^^m-iii^^^mi:. 

T. mmmmm^mizmmvx\^^^mmm^. mmmmmaymmiz^mLx^^^ 
^mmm^. ^^nmmmm.m(Dm\'^mizmm:Lx\^^^mmm^<D^mmm^^ 

mmm&^Ht=.mmm^(Dmm^mii^m^^xmmmiii^tit=.mmm^<^mm 
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[0 0 0 1] 

ttxMS^iS[i>SI#M (Orthogonal Frequency Division Multiplexi 
ng: OFDM) 7^^$:M v^;fe^i'©^/::^7^i:.^c^^:^-5 O F OMM^^^gfcH-T-S 

o 

[0 0 0 2] 

s K^Q p s K^(D^m(Dm\^^mmi^xnmizmm^m-\txmmir^^mty7 

h^ — >f>i5^ (Phase Shift Keying) ;^ 1-^7?;^ <, 1 6 Q AM-^ 6 4 Q AM^ 

(D^oizmm. mm(Dm\>^^mmLx^miimmzmm^m'&x^m'r^w:^m 

(i^M (Quadrature Amplitude Modulation) V>S 3 ^ ;b'^i2»^tC:& o T # 
TV^S, r(Z)J:^^ 1 6 QAM^6 4 Q AM^Es^^gipS^MT'^^^ 

^ miz^m-t^ ZLiiiy^X'^^. 
[0 0 0 3] 

:i<Dt^. um^i)^mmx'S>tnt^i^i^mmittjt\>^i)\ ^m^i!imm<Dm^. 
yaL-py^'^cDmmtjt^mmzx ^mi.t^Lm^cDmm'^^mz^^tjtm^ 
*^^c5o zL(DBmmzj:&m^^m^-t^:^m^i.x. mmmii^mmxmi:' 

mmv. ^mmx^rnvr^j-^-fuy hm^t.^mmif^um.x\,^^7^>fuyhm 

[0 0 0 4] 

Mx.«, 1 - 1 6 3 8 2 2-^^mXli. OFDM^^$:MVNfejlM^> 
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[0 0 0 5] 

^m^i 1 - 1 6 3 8 2 2#^#{cfB«$tife%®tt, m±^-y^j\ymm:^^ 
li, 1 2 2jc#®:^^^y TMMiJtic-ei^l^tiT^y. 4 t/>7K;i/^ic 

^ y TMIgi5tt^SJ:-9lcMiaeiJlC@Hg$tiTV>-2)o ^bT, #g§¥l 1-16 
3 8 2 2#^^(7)OFDMm^^^Mld:. 01 SlZ^^Ji'^tjty^-^y h<00 

[0 0 0 6] 

^I-IC, MM AC (Multimedia Mobile Access Communication) M^OFDM-fg-^ 
:7:t-'T^y bj&^&So Z1(Z)0 FDMM#:7>i--^^y Mi, MAlf. El9lC:g^-r 
J^OlZ. m^WL:^\p^lZ. 0—4, 5~17, 18~2 9> 3 0 — 4 2, 4 3—4 

7®7=-^fs-^ (0tti(Z)e^) a^mn^ti. tn^encDmizA^fu^ hm-^ m 
m^-z)-hm%mmm<Di&\>^miz:^^A>(uy ^M#cfc ^;%MMc?)isv^fl!I^co~ 

MicfeSA-fo^y hfg-^<fcy t>M^gi^c^>ffiv^{RI^c4 3-4 7c?)v=-^##*^@hs 

3® j:e)lCO FDM##^:r-T^y hTb^Hl 8(Z)=fe)®i:01 9®%®!? 
»M>&oTV^e7^«), #^¥1 1 - 1 6 3 8 2 2 -^ii;^^© O F DMM^M^g-e 
tt, 01 9fC5^-r j;^J&MMACfli®OFDM'fI-^:7:t-V^)/ hlC^UT, ^-IS 
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[0 0 0 7] 
[0 0 0 8] 

±mMm^m^-t^r:Li^. m^mnzmm(o^m-vit. mmacmcdofdm 

iz$>^^^m^^ ^mmm<Dm^^miz&.mvx\>^^mmm^<D^m^n^^m 
m^^nr^mmm^<Dum^m^^m\'^xm{t,-^nr^mmm^(Dmmt.mm(D 
^mxt^oFBMm^mmm^^mt.vx\>^^o 

[0 0 0 9] 

zi®ri:{cj: MMAcm<DOF DMm^y^-'^y hiZML. 

[0 0 10] 

3®^-^, ±mLt^mmm^(o^mmm^(Dm^iiLx\t. m^mzizmmo) 
mm(D^otjtw.mnm^^\'^iim^m^izmm(Dmm(D^o:^s i n csigcicj: 

[0011] 

\>miz$>^m^m^<DBmmm^t.. ^<Dmmm^^ *)^mmm<D-m^^mizmm 
Lr^mnim-^<D^xk^mmzj:^). mmm(ois.\>^miz^mLx\^^^mmm^<D& 
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[0012] 
[0 0 13] 

[0 0 14] 

01 9izm-roFr>Mm^(^m^'7yit-^^y hxmm^tit^o F GMmmt. 
r>9-±iX'^m^ti^o ^m^2it. ry^-r ix^mi^t^oFDMm-^^R 
F^mmm. ^^^^y^n^mm^^^'r-ox. k~ /iy y^<d of Dum^iz^ 
m-t^o FFTmmmsu. ^m^2xmm^tit:iK-7.;^y\^(DOFDMm^ 
^mmmm:&\^(Dm^x:&^Y ci, k) [-fsb, k = o~5i] iz^m-tSa 
j&fe, iiii/>7}<;K )^itmmmm:&\^izmm-^tit=.m^<D^^^^-ro 

[0 0 15] 

^-^ttmsP4tt, F Fimmm3xmm'^titcmii&m:m:^\^(Dm^i)-^^mi 

9(DOFDMm^yyf-'^vhiz:&^>^-^m-^Y (1, kd) [-faL, kd = 

0-4 7] (Z)^s:fl&ait-'So ^tcL. ji^uv hmiam^it. FFT^HSPS-eM 
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□ ^yh-fs-s-Y (1, kp) mv. kp = o~3] (D^^mta-r^o 

[0 0 16] 

-^X (1, kp) kp = 0~3] ^^lii^BgP 7 {±. /\Mn 

T'^^fii5lt$:^fV^. A>r D hM^^^j^S&fS^H (1, kp) [UL. kp = 

0-3] sr^m-rso 

[0 0 17] 

##®^3iS&$:«I^L}fe^itii«&lil^^H' (1. k) [mb> k = 0~4 7] $: 

Aflcfi^ftcii, 01 9ica^-r4o©/i-rD^y ^##$:mv^, ^<Dmm^ 

froT. 0~4, 5~17, 18'-2 9, 3 0—42, 4 3 ~ 4 7 ©5^- ^ 
®^3^j^#'ffi$:«I^L,;fc^j||g&«^«H' (1, k) [<BL> k = 0~4 7] 

[0018] 

mm\^mm9 it. •7=-^5JttmsP4*^p>®7^-^«#$:«ra^8*>^©5=-^M 
5=-^##Y' (1, kd) [-fib, kd = o~4 7] ^mm-ts. 

[0 0 19] 
[0 0 2 0] 

mz. ±mLt=.mmms(Dmmhii.x. mmmm^nommmmn. sine 
:i<Dmmm-mxii. mmmsiziB\i^x. m2K^-t^oK. A>fn-/h^#® 

^TtS&^S^H (1, kp) [fiL, kp = 0-3]) SrMVN, tt«S«HC|irai-S 
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= 0—4 7] timm-t^o 

[0 0 2 1] 
[0 0 2 2] 

:^(Dm.mmm^8it. in^S2i~2 3, mw-m24~2 iBj:xj^mmmm 
(D&m^m^H (1, kp) mv. kp = 0'-3] Mmmzi. Mmmz 

2, in^^2 3 ^cAiJ$4^-5o iin^^2i, taM^2 2^ MUmzsit. mmv 

Bfe»^2 4lCA:d$tl, ^iSCl 4-e|^l[$4x€>o rtltt, 5^ 1 7 (D^~^m^ 
<DMfl!lJC^S/\°>f n hM#^©^|5g*'? 1 4 T'fe-SitibT', -e^B^^M^p 0 1 
li, /\°-rn^y hM#^®«^$:^-ro im^JC. iin^^2 2®m:fJl±. IM?m^2 5 
tCAiJ^tl, 3-e|S5^$tlS„ ^fc, ijn^^2 3COmi7tt, |^^^2 6 1C 

Ai]^tl. mWLl 4:X-mM.-^tl^, ^LT, B^itS2 5, 2 6*^^|^^M*pl 
2, p 2 33&>^tl^tumiJ^tlSc 
[0 0 2 3] 

^3il^«l^as2 7ii, ISi?^gP2 4 jb^p>m:^j^tifeffip 0 1 i:/i>rn^y h^#c?) 
^m^m^H (1, 0) S:MV^T, 02(Ov=-^?#^®'e3zl^*i^fflH' (1, 

0) ~H' (1, 4) sr^mL, ^mmm^m2 8it. n^mmzAib^^mi^^n 
r^mp 0 1 t^-^^cuv hm-^a>^mmm^H (i, o) ^mv^t, e2(Z)5=-^ 
##®a3ii]^«i^#H' (1, 5) ~H' (1, 17) ^ritmi/, ^m^m^m 
2 9 It. ^mm2 5ti^^mi]^tircLmp 1 2 nz-^^uy hm^(DBm^m^H ( 

1, 1) $:MV>T, 02®7=-^M-^®^3^^ii^fflH' (1, 1 8) ~H' ( 
1> 2 9) $:majL, 'eMS&Ji^SiS 3 0 id:, mmm2 6 i}^^}i!,ij^tir=.mv 2 3 
H^-^^fU^y hm^(D^mmj^^li (1, 2) S:MV^T, 0 2 ^©-^CD^j^l 

i^jt^ffiH' (1, 3 0) ~H' (1, 4 2) ^mmv. ^m^m^ms nt. 
^mm2 eti^^mti-^nr^mv 2 3 ii^^>(u-; hm^(D^mmm^H (i, 3p 
) srMVNT, m2(D7'--$im^o)mm^m^mH' (i, 43) -h- (i, 4 
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7) ^wm^r^a 

[0 0 2 4] 

. mmm2 4i)^^mi:j^tit:imp 0 itiji-fu^y hm^(DU^^m^H (i, o 
) *^e>Jli^c^»LTv^oT. ^-^m^cDum^m^mw ci, 4) -h* ( 
1. 0) ^mn^-t^. 

[0 0 2 5] 

m.m2 7 ix-^m^mi^mii' (i. 4) ^r^m-rs. ^fc. mm^2 7 nzx 
mm-^nt^Bm^m^mii' (i, 4) o i(Diiicj:yini[as2 7 2T'^j^ 

»&«l^#H' (1. 3) tlUm-t^. *7t. in^^2 7 2lCT^ffi$tLfc^3iS& 
mMmn' (1, 3) iip 0 l©||lCi:t;Anltg|S2 7 3T'^Jij^fil^>faH' (1 
. 2) %:mm-r-5. inl£gP2 7 3lCT»m^ti:t>ej||ii^lt^MH' (1, 

2) iip 0 i©M{cj:»;iinm^2 7 4icTfeSl!^*i^#H' (1. 1) ^mm-t 
*n#S2 7 4{cTmm$ti3t^jil^«l^'litH' (1. 1) ^poi® 

miz^i)Mm.m2 7 bx^m^m^mn' ci. o) ^m-m-t^o 

[0 0 2 6] 

, A>f n^y hfg-^CD^j^l^ffr^H (1, 0) ic|g?»^2 4*^^ffi±$ti:/^'litp 0 

. 1 7) ^mm-ts. 

[0 0 2 7] 

*<!|cfi«JlCtt, p 0 1 lZ^m.m2 8 1 ©^iR-fitl Sr^Bb. MV>T*nBS2 8 4 

T'A°-fn^y hM-^<z)e3^s&/s#H (1, 0) trnMLx^m^m^mn' (i, 

5) $:mmi-<5o P 0 1 lC^maS2 8 2©^t!t'lit2 Srm^L, ^V^T^^^ 

^52 8 sT'Avn^y h^#©eMi^iS^H (1, 0) ^mM-vx^m^m^mH 
^^^2 8 3, Mm-m2 8 G-fy^^^m^mmmH' ci, 17) sr^ffi-r-So 

[0 0 2 8] 
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mit. m^iz^-t^cDtmrncDm^-e. mi£SP2 9i, 292, 293, ^ 

J;tFJnlca$2 9 4, 2 9 5, 2 9 6$:^ix., A-T n hfI-^(^)^j^g&tS:#H 
(1, 1) lC|^m^2 5*^?>ffi:tr$tlfeffip 1 2 $:JlS^Ci^mLT^^oT, "5^-^ 

m^oBmrnm^mn' (i, is) -h- (i, 29) ^mta-t^. 

[0 0 2 9] 

mt. m5iz^-t^(otmm<Dm^r'. mnBsoi. 302, 303. ^ 

<fc«lt^3 0 4, 3 0 5, 3 0 6S:m> A-T n h«#®^iti^/;S:^H 
(1, 2) lC|^m^2 6 A^^ffi:tr$4xfciitp 2 3 S:JlH^CiD»LTV^oT, 7^-^ 
##®ei9ll2&«^fflH- (1, 3 0) ~H' (1, 4 2) ^mHi-t^. 
[0 0 3 0] 

mt. m^iz^-t^cotmmcDmm-v. uamms ii. 312, 313, 314 
m^H (1, 3) *^e>)lR^ci^l£LTv^oT, v=-^M#®ei^i^«^^iiH' (i 

, 4 3) ~H' (1, 4 7) $:mm-r-2)o 
[0 0 3 1] 

-^f«#®^j3l8&«l^ffiH' (1, 5) ~H' (1, 17). H' (1, 18) 

~H' (1, 2 9) , H' (1, 3 0) ~H' (1, 4 2) ^miUh. ^t^A^ 

icfcoT, Bimmm^mH' (i, o) -h- ci, 4) ^nrnv. ^fe/\°>rn 
cfcoT, Bm^m&mH' ci, 43) -h- (i, 47) ^m-mt^:iiii3'^x 

l^!oT, 01 9 {C:^'rMMACM®OFDM'©#7pf-V>y ^$:MV^fcJt 



1 0 
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(1. k) mh. 1^ = 0 — 4 7] S:#s:ii:*^-e^So 

[0 0 3 2] 

09 1C, _hfBOOFDMM^MI^«{cov>T. 'fe7^g&$:2M P-f y-:7ai-^:; 

BER) ^m-to 

[0 0 3 3] 

2 Hz, O FDM#-^C?)-9-y^-V UTi5t$: 5 2 ^ U T 4 8 2is: + 7\'>f D 

»y U T42fi:) , ^^i/>3jf;i/;S$: 3 . 2 /tt s , >?f-- K>f > ^Jf 8 0 

0 ns, ^Sl:&^$: 1 6 QAMWofco 
[0 0 3 4] 

y < s r i: *'?t> 7b^s „ 

©^^S&iS^H (1. kp) C^ab, k p = 0~3] ) $:MV^, SincKiS:lC 

) mv. k = o~4 7] s:icm-r-5o 

[0 0 3 5] 

SincWifttt, sin (x) /xT^$tl<5g5iS["e^^c ^fc, 01 

otfi®ffi^Aii, ^(Dm:kmi>^Bm^f^i^H (i, o) ii-^b, ^^o^^i^js 

i§:H (1, 1) , 'e^|^fSi§:H (1, 2) , 'fej^g&/;S#H (1, 3) ©«l^-^a 
,#,S:as=fo©T'feU. ft^Bli, ^(Z)«:^M*^fejtm^H (1. 1) H-^V 
. A^O^m/S^H (1, 0) , ^jl^j^P&^H (K 2) , >ejtS!&/S^H (1, 

3) <Dmtiiu^.^m^^<Dr-$>v. mmcit. ■^(Dmizmif^Bm^m^H (i 

, 2) ii-iS:b, ^Kj^i^^S^h (1. 0) , -fej^i^iS^H (1, 1) , -ei^g&js 
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fS^H (1. 3) ^-^L. ^m^I^^H (1. 0) , ^m^f^^H (1, 1) 
, ^m^f^^H (1, 2) (Z)t$i$-^n.^,S:MS=fo®-efeSo 
[0 0 3 6] 

[0 0 3 7] 

^i<Ds i ncmmizj:^mmmsit. m^mm^^i. 42, 43, 

4 4;{)^e>«^$tlTV^-&„ m^^m^4 1. 4 2, -4 3, 4 4 tt, /aV n 

hM#®^jtli&^fr^H (1. kp) mh. kp = 0~3] ) $:MV>T, Si 

1, k) k^0'-4 7] $:^ti-?'tiffi;*Jt- -So 

[0 0 3 8] 

m^Mai^4 1. 4 2. 4 3, 44tt, mU<Om^(D^(DX'$>^(D-V 

, k#B(Z)fi^^aa54 3 $:MV^T^(3[)#fifefc<J:tJ^f^i&^m95-rS„ H 1 2 {C, 
k#g®fi^^S^4 3 cZ)*i*:e!>^;«m$:^-rc 
[0 0 3 9] 

012lCi3VAT, 7^-^^#<Z)^j^j^«l^ttH' (1, k) CD^fS[Mk7b^^tS[ 

am.mm^4 3 2^ WimemM.m^4 3 3. #i5:T?tmiiri^4 3 4, ■gimeMm 

IHIS&4 3 blZXiJ^tl^o 
[0 0 4 0] 

0^tS[a?g^|lI1^4 3 2Ttt, 01 3 lCa^1-j:^tC, ^iiffik;6^e>:/n -/ 4 3 
2 l®^^>lit5$:5f^, 6IVAfcMlC^^^4 3 2 2®ffi$:m#b, ^CO^lC^itS: 
ail-r-So :n(Dmalt. 0 1 2jC3t'tS i n cKUt^4 3 6lCA:^J$tl, 3(Z)S 
i n cmmm4: 3 eX^malZM-t^ Sin c StS[(?)'fit*^^to ^ tlSo ZL(D:r.tlZ 
<l:y, 01 OlC^5-tffl?«A±T k#g®7^-^^#lC>y"r<S S i n c MiSc®ffi*^ 
^ib^ti-So ^LT, -^ODS i n cKmc?)ffii:7N°>rn^y h#-^®>gi2ll^JCS:^H ( 

i3is&i;&^H (1, 0) iz^:siK^M(D^-'$(m^<D^m^mmmH- (i, k) 
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[0 04 1] 

^ 4 S 3 KD&mmi §fV%feffilC^BSI54 3 3 2®#$:^WL, ^<D 

mmm^P H-t^. Z(Dm&lt. E1 2lC5^-rS i n cg5tJC^4 3 7lCA±^tl 
, Z<DS i n cmmm4. 3 Ivm^KM-t^S i n cmm(Dmif^^!^^tl^. Z 

m^u (1.1) tiiimmm^. 5 i-e^msti^o ^©^m^^tt, A>rn«y h 

m^(D^m^J^^H (1, 1) CJcSkSg^T'-^M-^^^iiS&it^^iiH' ( 

1, k) ^(DrnWiUn^j^^o 

[0 0 4 2] 

1^4 3 4 i(Z)^iS[^t3 2 ^51^, ^\^^r^mizmnM4 3 4 2(Dm^mn-i^. to) 
mnm^7 ti-r&o :r.(Dm7\it. mi ziz^-ts i n cmm^4 3 8izx±i-^ti 
, :i(Ds i n cmw:^4 3 axurizM-t^s i n cmm<Dmi}^'^it>^n^, r 
<Dz^K^*j. mi oiz^-rmmc±xK^B(D7'~^m^izM-t^s i ncm 

m^n (1. 2) iii)mwm4 5 2xmm-^ti^o tay^kn^mt. /wn-/h 

m^(D^m^Jt^H (1, 2) lCj:Sk#S(3r)^-^##®^J^g&«l^>fitH' ( 

1. k) ^(Dmw^mntjt^^ 

[0 0 4 3] 

tfc. 'mfJC£|g»liI{^4 3 5T'tt, 01 6lC^-rJ:e)lC, ^fS[ffi k 5()^ P> 
^4 3 5 1 ©^tS['lit4 6 $:5r^, B\^^t=.mizmM.m4 3 5 2(Dm^mM-V. 
mm-m.^ t ZLO-lileli. 01 2lCa^-rS l n c»m^4 3 giCA^^tl 

, z.<Ds 1 cmwiW>4 3 Qxw.e\zn-t^s i Ti cmWi(Dmi3'^^^ht\.^. ^ 

©ZliilCj; El 0lCa^t-fti^DJ:"t?k#S(Z)5^-^^-^tcM1-<& S i n c gg 
m^H (1, 3) fc*^^mgiS4 5 ST-mMStl-So -ecD^m^^li, A>(Uyh 

m-^(D^m^m^H (i, 3) {cj;-5kse<z)^-^M#®e7i?&#i^^itH' ( 
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1, k) ^©M^ffiil^So 
[0 044] 

[0 0 4 5] 

jet±^^fcc):e)ic, j-^^ u^^ hm^(D^m^m^H ci, kp) [^u, kp 

= 0~3] $:«V^TS i n cMiS[Ccfci;^i^-rsri:T% 

m^U:t^^l^«l^iaH' (1. k) [^L, k=o-4 7] ^^mi-sri:;b^ 

[0 0 4 6] 

_hfH®OFDMM^#^SlCoV>T. -ei^j^ 2 1^ >f U - ai - 

(BER) ^m-to 
[0 0 4 7] 

2 Hz, O FDM#-^©-l?-:/^^ U Ti5[^ 5 2 (7=- tJf U T 4 8 * + A>r D 
h^^UT4:*:) , ^g-^efr > 5: 3 . 2 iti s , hM 8 0 

0 ns, 1 6 QAMT'ffoitc 

[0 0 4 8] 

[SI] 
[B2] 
[03] 
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[04] 

[06] 
[07] 
[08] 
[09] 

fi^ffi^ ^ o 7tiiJ6?^ffiic s o F D MM^#^g© w c /N icM -r s 

tr-zh^t;^ (BER) (Diy^zLU-tyny^m^^-tm-^^^. 
[010] 

[011] 

[012] 

011 cf»®k#a©it^Msas4 3 ®#^&^-r0T'fe€>o 

[013] 

01 2ttJ®#|gCaM^|Hl{^4 3 2®#^S:^-r0'e$>S„ 
[014] 

01 2rp(Dmmpm.m^mmA s 3®^^s:^i-0i?^So 
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